The visual inspection system was developed for defects detection on leather surfaces, which is an important component of automatic CAD/CAM cutting systems. The main functions of the system are quality control and raw material cutting. An efficient algorithm, which combines multiresolution approach, energy and entropy matrices, is presented for detection of defects embedded in leather surface images. A wavelet band selection procedure was developed to automatically determine the number of resolution levels and decompose subimages for the best discrimination of defects and removals of repetitive texture patterns in the image. An adaptive binary thresholding is then used to separate the defective regions from the uniform gray-level background in the restored image. The proposed methodology is able to efficiently detect several types of defects that current approaches cannot detect, and is fast enough to be used for real-time leather inspection.
Introduction
Automated visual inspection of leather surface defects is very important in the manufacturing of leather products that require unusually high quality. These operations are currently performed by human inspectors who tend to miss considerable numbers of defects because human beings are basically inconsistent and inappropriate for such simple and repetitive tasks. Furthermore, since manual inspection is slow and labor-intensive tasks, they can become a critical bottleneck in the entire production process. In this study we use machine vision to substitute for human inspectors for automated surface inspection. Automated inspection can reduce human workloads and labor costs while increasing throughput. More importantly, higher accuracy can be achieved by eliminating human error due to fatigue. Leather as a natural material with its variety of visual appearances -nonhomogeneous in color, thickness, brightness, wrinkledness, etc. is a complex object for control and analysis. The presence of defects is critical factor for adjustment of the leather for manufacturing of particular good, because the existence of areas with leather defects maybe considered as unusable or useful only for particular purposes. There are well known different methods for analysis of leathers surface defects and classifications [3, 4] . The method is based on statistical analysis of the image gray levels. Most of algorithms to detect the leather defect by extracting a set of textural features using co-occurrence matrix approaches [2] , the Fourier transform, the Gabor transform [5] and the wavelet transform [1] . These analysis methods are generally based on the extraction of textural features in the spatial and spectral domains, besides high-dimensional feature space, the most difficult task of the feature-extraction approach is to choose adequate textural features which can sufficiently represent the uniqueness of the texture in the image. This paper present an image reconstruction approach based on the analysis and synthesis wavelet transforms to inspect leather surface defects. It does not rely on textural features to detect local anomalies, and alleviates all limitations of feature-extraction methods. With proper selection of a smooth subimage or the combination of detail subimages at different multiresolution levels for image reconstruction, the global repetitive texture pattern can be efficiently removed and only local anomalies are preserved in the restored image,
Vision system for the leather manufacture
The visual inspection systems for textured surfaces have application in different areas for analysis of defects in textile, lumber, automobile paints, etc. The application to the leather industry was developed with a very strong focus for the quality control and raw material cutting, an important component of automatic CAD/CAM cutting systems. The defects are detected by an image processing system and finally passed to the nesting module that contains the shapes of the pieces to cut. The cutting process is done by a numerical control and dual high -flow vacuum systems for maximum material hold-down, and it architecture is shown in Fig.1 . Fig.1 Architecture of the global system The role of the image processing system is to extract data from the leather, automated detect defects and pass it to the nesting module as a polygons limiting the marked defects. The primary judgment on the quality of the leather surface is its aesthetic appearance, with the fast advance in the technologies such as high resolution CCD cameras and powerful computers, using machine vision may be an obvious and natural choice to achieve automation in leather surface inspection. Image analysis research in other fields can provide useful ideas on various potentially useful approaches to leather surface inspection, but the unique nature of leather hide and the reasons for inspection it suggest that the general approach must inevitably be pragmatic.
Detecting defects in leather surfaces
The aim of inspection is to identify any defects of flaws that should be identified and not classify good leather areas as a defective leather region, In this work, we develop a wavelet band selection procedure that can automatically determine the number of resolution levels and decomposed subimages for the best discrimination of defects and removals of repetitive texture patterns in the image. The selection criteria for image reconstruction are based on the energy distributions of the wavelet coefficients in all decomposed subimages at different multiresolution levels. Wavelet reconstruction and energy distribution. Let ) ,
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. In the application of wavelet reconstruction for the defect detection, our goal is to eliminate all regular, repetitive texture patterns in the restored image by selecting proper smooth or detail subimages for wavelet synthesis. In this study work, using the energy function to identify dominant frequency subbands of a textured pattern, the energy of each decomposed subimages is calculated as follows: 
Where E s , E h , E v , E d is the normalized energy of the correspondence of the decomposed image. For the leather texture, the energy responses in detail subimages are not significant, its energy values are approximately equally distributed, the main energy is focus on the smooth image, so we found that the leather texture only need the smooth subimage to be included in the reconstruction process to enhance the defects in the restored image. Automatic selection of decomposition levels. With proper resolution will effectively eliminate repetitive patterns and highlight the local anomalies. For the leather texture, the smooth subimage is used for reconstruction, so the selection of proper multiresolution levels is very important for the success of background-texture removal. The larger decomposition level of an image is used, the better uniformity of gray levels will be obtained in the reconstruction image. However, too large the number of multiresolution levels will generate the fusion effect for the defects, the selection of a appropriate decomposition levels is based on the energy ratio of detail subimages in two consecutive levels, Let D j be the normalized energy sum of the three detail subimages at resolution level j , i.e.
Where j R is the energy ratio of detail subimages between resolution levels j and 1 − j , the best number of multiresolution level J # is chosen such that j R is a minimum.
Experimental results
The proposed methodology has been applied to several leather samples. Each sample was taken with a resolution of five pixels per millimeter. The image brightness and contrast are normalized to eliminate illumination effects. Throughout the experiments, all test samples used 6-tap Daubechies as the wavelet bases, the normalized energies (Eq.3) are calculated at resolution level J # , to visualize and localize leather defects in the restores image, we use the Otsu algorithm adaptive process control limits for distinguishing defects from the background texture in the restores image. Fig.2(a) present a defective surface of leather, Table1 (a) shows that the energies E S , E H, E D , E V , Table1 (b) shows that the energy ratio j R reaches its minimum at resolution level 3. Fig.2(b . The binarization result of the defective leather surface is shown in Fig.2(c) .
Conclusions
This paper presented a methodology for leather inspection. The methodology is based on a wavelet transform and on the energy of the wavelet coefficients distributed in different frequency channels, the decomposed subimages and the number of multiresolution levels determined by the automatic band selection scheme, it achieves the same detection rate as an experienced operator and it is fast enough to be used for real time inspection. This methodology was applied to leather inspection but we think that it can be also applied to other inspection areas. 
